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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

———— s

ADVAKCE RESTRICTEZD REPORT

FATIGUE STRZNGTH OF FLUSH-RIVETED JOINTS FOR
AIRCRAFT MANUFACTUNED BY VARIOUS RIVETIWG METHODS

By 6, A. Maney end L, T, Wyly
SUMMARY

The results of an investigation to determine the fatigue
strength of flush-riveted Joints manufactured dy different
riveting methods aro presented, Trgts were made on a direct
stress fatigue machine at room toumperatures, The rivete were
made of aluminum alloy Al75-T and the plates of aluminum
alloy 24S5-T, Preliminary tests at 70° F cn specimens hnving
varying ratios of rivet dinmeter to plate thicknesc wsre madea
under both static and dynamic loads to check the efficicney
of the epecimon grips,

The results of tho tests showed thaet the fatigue
strength of the Joints was directly nffected by the method
of riveting used, Thoe endurrnce limit of the rivets in cou-~
pletoly reversed shear was greatect for coumcrecinl couater—
sunk rivets with the liead 0,010 inch nbocve tho plate surf-ce
boforo driving, while the endurance limit wes lowcet for cou—
nercinl countersunk rivots with the hend 0,003 inch belcw
the surface beforo driving, The endurnnce liumit fcr reverse-
driven rivets (Method E) wes intermolinte between the
extreaiuies, In several ceses considerable variation in be—
havior under the caue fatigue lords wns found in rspecinens
of the sauo series, The lovest endurnnce limit found in
this investigation wans about 9400 psi while the mexiuun
found was about 15,000 psi, Static tests on the revorse
driven rivots showed nan ultimate strongth of abdbout 33,000
pei, this being the highest strength develicped by any nf
the joints,

DEFINITIONS

The Joints wore tosted in tensiorn, thus putting the
rivets in thear, The tern "ultiunte tensile strength® os

Y



2 NACA ARR No, 5H28

used in this report refers to the ultiznate strength of the
Joints az a unit, The term %static ultinate strength" of
the rivets refers to the ultinmate shearing unit stress de—
valopsd by the rivets at rupture, The tera "unit stress”
in this repert refers to the chearing unit stress in the
rivets,

INTRODUCTION

Tests by Eartnonn, Lyst, end indrews (refereace 1) and
by Andrews and Holt (roference 2) or sluminum alloy riveted
connectiong hnve racently teen published, The literature
on fatigue tests of riveted Joints is still meager, however,
and so far ns the authore know an investigation of the size
and the type of aluninum alloy rivete here studlied has not
previously been made, After sone preliuinery study, it was
decided to 1limit the scope of tkhe investigation to one size
cf rivat, cne thickness of plate, one type of speciuen, and
four cothods of riveting, (See fig, 1,)

This investigetion, conducted at the Northwestera
University, was sponsored by znd conducted with the finanecial
agsglstance of the National Advisory Conittee for Aeronnutics,
The uethods of riveting investigetud are thore for which
static strength has beea investigated by the Langley Mo—
morial Aeronautical Laboratory of the dational Advisory
Cowwittoe for Aeronautice, (See reoference 3,) Tho work
was corducted under the direction of the suthoers,

Credit Zor performing nngt of the nctunl testing shovld
be givon to the follcwing students: Helnut Abt, Viector Archer,
Gorvase Gauer, Paul Gouwens, Konneth Lenzen, ITrank Phalen,
Willinu Zosa, end Miles Tourtellcotte, The work of remodel—-
ings eud calidrating the testing machine was dore by L, T,
Wyly.

APPAZATUS AND HETHCDS

Bivetinge nethods,~ The unethods of riveting used are
thuse duveloped by the Lansley structurce rasazarch lebore—
tory of the NACA and deccribed in reference 3, The types
of rivots used aad their dimensione, the rngles of the
countersunk holes, snd the cide from which the rivets are
ingertud are shown in figures 2 to 5, The distinguishing

features of the riveting methcds used in this invastizntiorn
are:

kg



NACA ARR No, S5H28 8

Method C, The manufactured head of the countersunk
rivet is driven with a vibrating gun while the shank end 1is
bucked with » bar, The driven rivet herd is flat, All epeci-
mens riveted by this mothod are given the prefix € in the
designntion,

Nethod E, The manufactured round head of the rivet is
driven with a vibrating gun while the shank end 1is ducked
with a bar, After the rivet is driven, the portion of tho
formed heal that protrudes above the skin surface is milled
off and finished smooth with the zheet, All specimens riveted
by this method hnve the prefix N,

Test specimens.— Details of the specimeng for the
"Preliuinary Teste" are shown in figure 6, Details of the
tpecimens for the "Main Tests" are shown in figure 1, The
preliacinary specinens were detailed by the Northwestern
University, The Langley laboratory made the final details
of the main test speciuens and furnighed all specimens for
both prelinminary and regular tests,

Meterigla.—~ The plates wore made from sheets of 245-T
aluminum allcy, The rivets were made from Al17S5~T aluninua

alloy,

Specliuen_prips.— The grips used to mount the specimens
in the testing muchines are split scrow fittings which were
secured to the ends of tho specirens by drive fit dowels,
by friction, and by split tapered dowels, Details are shown
in figure 7,

Testing _orchines.,~ The preliminary static tests were
run on a Southwark-Emery universnl hydreulic tecting machine,
The preliuinery dynaunic tests were run on a Riehle pendulun
impact machine which is equipped for tensicvn impnct testiag,
Both of these mackines have been descridbed in a report of a
previous study (referecnce 4),

The fatigue tests were run on an E, F, Morre type
repeated direct stress machine ff1p. €) nodified as
necessary for this scvries, This rachine has bteen described
in reference 5, Severaml wodifications were made in the
Northwestern model both to handle the specimens used and
algo to insure the dogsired accurecy in desling with the
srall loads desired, This nmachine is of the ccecngtant—gtrnin
type. With the eccentric set at zero, initinl coupression
is applied to the speciuer by tightening the calibrated
helicel spring, Tension to the desired azount then is
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epplied through the proving ring, Thke ecceatric then 1is
set to give the proper amouat of throw to the actuating
lever bar which causcs the load on the specimen to vary
batween the desired values of maxirnum tension and naxinurc
compression, The calidration curve for the helical spring
is shown in figure 9. A special dial gage was used to
measure the spring extension, readings on two sldes being
averaged, The calibration curve for the proving ring is
shown in figure 10, end in figure 11 is shown a calibration
of the spring working against the ring and giving ectual
lond delivered to the specizmen, In determining the last
two curves, two elcctric resistance wire straln gnges mounted
on opposite sldes of a steel specimen placed in the testing
machine, were uscd,

It was necessary to tnkxe a number of precautions to
secure and hold the londs to the desired accuracy, some of
which were as follows:

1, A specially selected and hardened tool steel eccen—
tric wns wade, to avoid error from wear,

2, A buzzor was used to break up the friction in the
proving ring dial indicator, The mounting and
setting of thig dial was never digturbed through—
out the investigation,

3. The 0,007-inch shim steel diophragms were slotted
to avoid any dishing, The proper position of
the ring shaft (lower end of specimen mount)
to eliminnte any verticrl force in the diaphragme
was determined by test aad this position was
marke¢d by s special gage,

4, Care was uscd to avold stresces due to change 1in
rooa temperature,

5, Frecquent checks of load ¢n each specimer were made
during a test and adjustzents made vhen necessary,

6. Check of spring calidbratioan et intervels chowed no
-change,

The spesd of the testing machine gives about 1€6O
reversals per uinute, An investigation wac made to deter—
mine whether vibratina of the actuating lever might prcduce
loads on the specimeng differing apprecladly frox static
loads, A dial indicator wmounted on a micrometor screw
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and set in a frame rigidly bolted to the cast iron base of
the testing machine at varidus stations along the lever was
used, It was found possible to establish the fact that there
was no deflection of the lever which would appreciably change
the load on the specimen,

PRELIMINARY TESTS

The preliminary tests were made to investigate:
1, The strength of the shank for the purpose required

2, The possidility of a slip between the specimens
and the grips

3. The static strength of the Joints

The investigation of these questions was carried out in
connection with an impact study recently made on the same
series of Joints, and the description of the prelisminary
tests 1s covered in deteil in the report on that study.
(See reference 4 .)

The first two of the above questions wore investi-

gated through specimens of the preliainary tosts, (See

fig . 6.) The specimens were tested under dboth very slow
static lcads and impact loads, The speccimen grips used were
siunilar to the grips used in the wmaln tests fetligue serles
(see fig. 12) except that the latter are longer 2nd con—
tain two dowel pins instead of one, Static strength teosts
were made on specimens of the maln series, (See fig, 13.)

Preliminary Test Results

Strength of shank.— No weakness in the shanks of the
specimens was discovered in any of the tests,

Slip in the grips.,— Tho preliminary tests established
the fact that no measurabdle slip of the specirnens occurred
elther under static or impact loads, The evidence on this
point wes quite conclusive, The erergy required to rupture
the specinens varied from 0.4 foot—pound to 4 foot-pounds,
due to the varying ratics of rivet dlarneter to plate thick-—
ness used, but the agrecment betwoen tle energy requirod to
rupture a glven specimen type under static ard under dynannic
loads was remarkadly good,
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Static strength.— The static strength of the Joints is
recorded in table 1, Thc countersunk rivets for Method C
with hy = -0,003 Bshowed the least strength, and the rivets
for Method B showed the greatest strength; and there was a
uniform variation of the strength from one type of rivet to
another, The maxiuwum difference in static strength was not
large,

MAIN TESTS

It is generally agreed that the endurance licit for
corpletely reversed stress and the static ultimate strength
are the wost significant properties since, from this in-
formation, the variation in fatigue strength with range of
stress may be approximated by either a Gooduan-Johnson
(reference 6) or a Haig—Soderberg (reference 7) type of
diagrau,

The main purpose of the investigation was to establish
by means of S-N diagrans the endurance linmit at room tempera—
ture of each of the four types of specimen of the maln test
series,

Main Test Procedure

All main tests were run at room temperature, All
specimens were subjected to completely reversed loading,
The cycles at the endurance limit were carried to ten
million or over for each type,

Tho procedure was to start a seriees with fairly high
stresses, testing ench specimen to rupture, and gradually
reduce the stross on succeeding epecimens until a point was
reached where failure did not occur after ten million
reversals,

Constant care at all stages was used, End connections
were placed on a2 line scribed thrcugh the rivet center and
all holes were drilled while the epecimen was wounted in o
Jig. Careful watch was kept of the rcom tecmperature since
the speciuen would respond much w:ro quickly than the machine
to #ir teuperature changes, As it was deeired to hold the
load constant on a given specimen throughout the test, fre—
quent checking of the losd was neccessary with sorze zlight
adJustments at tizes,
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A few Joints were found with obviously defective rivets,
These specimens held the static load during adJustzent of
the Lachine bdbut failed after a fow cycles of stress, In the
CB serics an vnusuelly wide spread of results occurred Just
above the endurance limit, necessitating a lerge nuabder of
teats, In one or two cases the specimen falled not in the
rivets but ty fatigue fracture in the shank where the corner
had baen cut without a propor fillet,

Moin Test Results

The results of the maln tests are shown in table 1 and
in fizures 14 to 17, They are sukuarized in table 2 and
figuro 18, Enlarged plLotographs of typical rivet fractures
are sihown in figuie 19,

Discussion of Main Test Results
The princlpal recults of the maln tests arc as follows:

1, The static strength of the Jjoints verled uniforuly
from 31,500 psl for type Ci with hy = —0,003 to 35,500 for
type CC with hy = 0,010 and 38,100 for type NA, roverse
nethod,

2. The endurance linit (fatiguc strength) varicd
uniforrly from about 9,300 psi for type CiA to 15,000 pel
for type CC with type NA showing an interuedirte ctrengtih
of adout 11,000 psi, Thils is a very substentiel vaoriation
in strength, ’

3. In general, the S-N curves show the usual sharp
break ia the noighbarhood of a 1illion cycles of stress and
a very gentle slope between one snd ten nillion eycles,

4, The individual variaticn or spreed in rssulte in
certnin cases wne quite broad, es 1s frequently the case
in fetizue tests,

The wost outstandiug result of the tests is the effoct
of the mothod of riveting upon fatigue strength and, in
particular, the low fatizue strength developed by the KNA
specinons, that 1s, reverse wnthod, Equally interesting is
the rvarked inerease in fetiguc strength az the velue of
B8y 1is lucreased,

Northwostern University.
Evanston, Ill,, June 7, 1945.
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rigs. 7858
Rivet- !Ilothod Depth of
Speci-| Rivet |head by of counter-|Number
men diameter| angle driving|nink req'd.
(1n.) |(aeg)
.~ CAl :
! [ +] to 3/32 78 |-0.003 [} 0.050 24
g | CA24
=1 3
£ (31 -
5 to 3/33 78 .000{ © .047 24
1 CB24
% cc1
z to 3/32 78 .010 ¢ .037 24
B CC3¢
= ¥AL
¥ to 3/3z 60 -- |Reverse| .030 24
f. NA24
.
Figure 1.- Detaile of epecimens for main teeta

iy

i ' 60°.
& .c:ec .
¢ 7

No. 30 nuuj'— =

sk IO

5/16

3 S
|‘ ~.*.-%o. 30 ann1 \_/

Pigure 2.- Dimensions of macnine-countersunk Figure 3.- Dimeneions of roundhead rivet and
rivet and angle of countereink angle of countersink ueed in
used in riveting method C for 1/8-in. rivet. riveting method I for 1/8-in. rivet.
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Figure 5.- Illuetrations of Iy and by for machine-
countersunk rivsts,
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ha

Positiv
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After driving
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ha

Negative hy

Rivet Sheet
Speci-|diameter| thicknees g ] A Depth of
men 4 t (in.)| (in.) | (in.) | counter-
(in.) (in.) sink
Vethod C; ky = O; rivet-head angle, 78°
o 2/32 0.0¢0 | 3/¢ | 7/16|1-1/8| o0.047
gzs 2/32 08¢ | 3/¢ | 716 | 1-1/4| .047
0% 1/8 040 |7/8 | 3/8 [1-1/8| .00
- T 08¢ |7/8 | 38 |1-174| o080
Method E; rivet-heed angle, 60°
Hia 3/32 0.040 | 37¢ | 7718|1-1/8] o.030
i S VA o6 | 3/4 | 7/18|1-1/4| 030
BL| 1a .40 | 7/8 | 3/8 |1-1/8| .00
N4
Y 1/8 08¢ | 7/8 | 3/ |1-17¢]| .os0

(All dimensions in inches)

Figure 6.- Details of specimens for

‘preliminary tests.
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Ficure 8.—1. F. Moore type fatigue machine.
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Fiaure 13—Main test specimens before rupture.
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Kpecimen CCRD

Kpecimen CCBH

Fieure 19.—Mnin test rivets nfter rupture,
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tensile strength and epdurance 1imits are tabulated,
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